
Ammonia-Based Energy Storage 
(NH3-BEST)

NH3-BESTςPower Plant Integration
Project Overview and Status

20 April 2023

+ Project Utility Partners/Sponsors:
Basin Electric

Minnkota Power
Ottertail Power

Major Sponsors:
U.S. Department of Energy 

North Dakota Lignite Research Program



Integrated Energy Storage via NH3-BEST 
Ammonia assets as energy storage medium

Å High hydrogen/energy content
Å Low storage cost
Å Near-zero explosivity hazard
Å Carbon-free composition means no CO2 emitted 

when converted to electricity, via fuel cell or 
combustion

Å Long-established globally fungible commodity, offers 
economic flexibility via selling and/or buying to 
capitalize on market conditions or address 
production/supply challenges

Major project outcomes
Å Preliminary design of NH3-BEST subsystem and 

associated EGU integration requirements
Å Modeled demonstration of NH3-BEST performance, 

including estimated round-trip efficiency and 
preliminary economics when integrated with an EGU

Å Road map for bringing ammonia energy storage to 
commercial deploymentNH3-BEST integrated with EGU



NH3-BEST Unit Operations

Under development at EERC Commercially available            Under development around the world



58-MW NH3-BEST subsystem with reactor (red rectangle) capable of water electrolysis/H2 production at anode, NH3 synthesis at cathode

C = cathode chamber
A = anode chamber

19.2 MW @60% efficiency



55-Megawatt1 Integrated Electrolysis/NH3 Synthesis Reactor 

(proton generation at anode, NH3 synthesis at cathode) 

Performance Parameters

Estimated Values 

Ultimate 

Target

Current

Target
Efficiency (based on NH3 HH value of 5.2 kWh/kg) 64% 55%
Voltage, V 1.6 1.9
Current density, amps/cm2 0.406 0.342
Power consumption, watts/cm2 0.65 0.65
Water consumption, kilograms/hour 11,543 9982
O2 generation, kg/hr 12,419 10,498
NH3 production, kg/hr 7281 6155
Electricity consumption, kilowatt-hours/kilogram NH3 7.6 9.0
Balance of plant1 electricity consumption, kWh/kg NH3 0.5 0.5
Total electricity consumption, kWh/kg NH3 8.1 9.5
NH3 to power via fuel cell at 6155 kg NH3/ hr, 60% efficiency 19.2 MW
Round trip (electrical) efficiency2 33%
1 Additional power for 1) N2 separation from air and 2) NH3 product condensation translates to 58 MW total system.
2 Does not account for thermal energy recovery from NH3 synthesis or fuel cell operations.



Å Total power input (for current design/layout): 58 Mweςincludes ammonia production, purification, storage

Å Ammonia production capacity: 6155 kg/hour (148 tonnes/day)

Å Water input: 9982 kg/hour (2634 gallons/hour or 63,211 gallons/day)

Å Air input: 6877 kg/hour

Å O2 output: 8866 kg/hour (electrolyzer) + 1632 kg/hour (air separator) = 10,498 kg/hour

Å Max pressure (for ammonia condensation/recovery as product): 17 bar (250 psi)

Å Max temperature (for ammonia production): 300°C

Å NH3-BEST Island footprint: ??

Å NH3-BEST Island height requirement: ??

Å Ammonia storage capacity: dependent on ammonia disposition (sales, energy storage, combination)

Å Ammonia conversion-to-electricity capacity (via direct ammonia fuel cell or ammonia turbine):     

dependent on ammonia disposition 

NH3-BEST Island ςDetails and Considerations
All below numbers based on 55% NH3 production efficiency 



Parameter Value
Electrical conductivity, max, microsiemens/cm at 25°C 1.0
Electrical resistivity, min, megaohms-cm at 25°C 1.0
Total organic carbon (TOC), max, micrograms/liter 50
Sodium, max, µg/L 5
Chlorides, max, µg/L 5
Total silica, max, µg/L 3

Water Input for NH3 Electrolyzer 
Must Meet ASTM D1193 Type II Specification



70-MW NH3 synthesis unit with separate reactors* (red rectangles) for water electrolysis/H2 production and NH3 synthesis  

Electrically driven high-pressure Haber Bosch (HB) reactor system

*Reactor systems commercially available today


